Abstract: X-ray crystallography reveals the common feature of the title compounds is a 1,4-naphthoquinone ring system with a substituted phenoxy residue adjacent to an oxo-group to give 1 (H), 2 (3-Br), 3 (3-CF 3 ), 4 (4-CN) and 5 (4-NO 2 ). To a first approximation the fused ring system along with the two oxo substituents is planar with the major difference between the molecules relating to the relative orientations of the pendant phenoxy residues: dihedral angles range from 56.56(4)° (3) to 87.52(10)° (2). The presence of intermolecular C-H · · · O interactions is the common feature of the supramolecular association in the crystals of 1-5. In each of 1 and 5, these extend in three-dimensions but, only to supramolecular dimers in 4, chains in 2 and layers in 3. Each crystal also features C=O · · · π interactions, pointing to the importance of these points of contact in this series di-oxocompounds. In 2,
Introduction
Quinones, both naturally occurring and synthetic derivatives, continue to be intensely investigated due to their bright colours, their biological properties [1, 2] and, as a consequence of their redox properties, their potential in materials chemistry [3] [4] [5] [6] [7] [8] [9] [10] . Specifically, the structural skeleton of 2-(phenoxy)-1,4-naphthoquinone derivatives is found in a number of natural products that include Rubincolins [11] , Newbouldiaquinones [12] [13] [14] , Rubipodanones [15] and Lawsonol [16] ; see Figure 1 for chemical structural formulae. The documented anti-trypanosomal [17] [18] [19] [20] [21] [22] [23] [24] and anti-leishmanial activity [18] as well as the anti-tumour [15, 23, [25] [26] [27] [28] [29] and anti-fungal activity [30] [31] [32] of natural and synthetic derivatives of 2-(phenoxy)-1,4-naphthoquinones further highlights the significant chemical interest in this skeletal motif.
As part of on-going studies [33] [34] [35] [36] [37] [38] into the synthesis, structural characterisation and photochemistry of quinones, a series of new 2-(phenoxy)-1,4-naphthoquinone derivatives were prepared. The present study details the synthesis, characterisation and crystal structure determinations of 1-5; see Figure 2 for chemical structural formulae.
Beyond the chemical interest in the title compounds as outlined above, are crystal engineering considerations in that it is of interest to systematically evaluate the influence of small chemical changes in molecules upon the molecular packing in their crystals. The primary objective of crystal engineering endeavours is to control the manner by which molecules assemble in the condensed phase so that physiochemical properties can be tailored -by and large this objective has yet to be achieved even though considerable progress is being made in assembling specific aggregates within crystals [39] . For example, a very recent contribution in this area showed how six-molecular hetero-aggregates could be rationally assembled based on propensities to form non-covalent interactions and shape similarities [40] . There are increasing numbers of systematic studies whereby the molecular packing of series of molecules varying typically by one substituent, e.g. halide for halide, increasing sizes of alkyl groups, etc. [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] are evaluated. Usually some systematic trends can be discerned suggesting remote substituents are noninnocent, providing specific points of contact between molecules but, not always. For example, when studying molecular packing in a series of benzenesulfonyl asparagine derivatives, Harrison et al. concluded that the nature of the substituent did not matter [46] . On the other hand, in a systematic study of monosubstituted salicylic acids, Montis and Hursthouse concluded the substituents were very important in dictating supramolecular assembly [43] . In continuation of systematic studies whereby small chemical changes are introduced into series of molecules [41, 44, 45] , the crystal and molecular structures of 1-5 are described along with an analysis of the calculated Hirshfeld surfaces. From the chemistry, Figure 2 , the molecular packing will be devoid of conventional hydrogen bonding interactions. Under these circumstances, it was thought of interest to ascertain whether any dominant supramolecular synthon would emerge in the crystals of this series closely related molecules. In the same way: do the remote substituents exert any significant influence upon the molecular packing.
Experimental Instrumentation
Melting points were determined with a Mel. Temp. II apparatus and are uncorrected. IR spectra were measured on a Nicolet 505 Magma FT-IR spectrophotometer. 1 H and 13 
C{
1 H} spectra were recorded using Bruker 200, 300 or 500 MHz spectrometers. High resolution mass spectra (HRMS) were recorded on a micro-TOF-II Bruker instrument.
Synthesis and crystal growth
The commercially available reagents and solvents were used without further purification. Analytical thin layer chromatography (TLC) was performed on pre-coated silica gel 60 F254 aluminium plates (Merck) with visualisation under UV light at 254 and 366 nm. The reactions were performed following a literature procedure [18] . In a typical procedure, phenol (2.2 mmol) and K 2 CO 3 (3.0 mmol) were combined in DMF (3 mL) in a round bottomed flask (10 mL). The mixture was stirred at room temperature for 15 min then 2-bromo-1,4-naphthoquinone (2.0 mmol) was added. The reaction was followed by TLC (hexane:EtOAc, 3:1 v/v) and reactions were observed to be complete 
Crystal structure determination
Intensity data for 1-5 were measured at 100 K on a Rigaku Oxford Diffraction diffractometer (The Woodlands, TX, USA) using graphitemonochromatised MoKα radiation (λ = 0.71073 Å). Data processing and absorption corrections were accomplished with CrysAlis PRO [54] . Unit cell data, X-ray data collection parameters and details of the structure refinement are given in Table 1 . The structures were solved by Direct Methods using SHELXS [55] and full-matrix least-squares [56] + 2F c 2 )/3 was introduced in each case. The absolute structure of 1 could not be determined but, that of 2 was determined based on differences in Friedel pairs included in the data set.
In the refinement of 2, owing to poor agreement, the (0 1 1) reflection was omitted from the final cycles of refinement. Disorder was resolved in the refinement of 3 in that the F atoms of the CF 3 group were disordered over two positions. After unconstrained anisotropic refinement, the major component had a site occupancy factor = 0.52 (3) so that in the final cycles of refinement, the site occupancy for each component was fixed at 0.5. The programs WinGX [57] , PLATON [58] , ORTEP-3 for Windows [57] , DIAMOND [59] and QMol [60] were also used in the study.
Results and discussion

Experimental molecular structures
The molecular structures of 1-5 are shown in Figure 3 and key conformational descriptors included in Table 2 . The asymmetric unit of 1 comprises two independent molecules which exhibit essentially the same molecular structure. The first independent molecule is constructed about a cyclohexa-2,5-diene-1,4-dione residue that is essentially planar with the r.m.s. deviation of the C 6 atoms being 0.0126 Å; maximum deviations of 0.016(3) and 0.021(3) Å are noted for the C3 and C4 atoms, respectively. The O1-O3 atoms lie to one side of the plane and deviate by 0.022(5), 0.026(5) and 0.071(5) Å, respectively. A phenyl ring is fused to one side of the cyclohexa-2,5-diene ring, at the double bond, and is essentially co-planar, forming a dihedral angle of 1.98(2)°. To the resultant naphthalene-1,4-dione residue is connected a phenoxy substituent which is adjacent to the ketone-O1 atom. The pendant phenyl ring forms a dihedral angle of 81.03(12)° with the cyclohexadiene ring, and is inclined so that it is bisected by the approximate plane through the fused ring system. The second independent molecule of 1 presents essentially the same features as that just described as indeed do the molecular structures of 2-5. In the case of 1, the r.m.s. fits for the two independent molecules for bonds and angles are 0.0046 Å and 0.494°, respectively [58] . The similarity between the molecules is highlighted in the molecular overlay diagram shown in Figure 4 .
Across the series, the maximum distortion of the C 6 atoms of the cyclohexa-2,5-diene-1,4-dione residue from their least-squares plane is found for 5, having a r.m.s. deviation of 0.0261 Å. While the C3 and C4 exhibit the major deviations from this plane in the first independent molecule of 1, for the second independent molecule the maximum deviations are found for the C4a and C5a atoms; the same is true for 2 and 3. In each of 4 and 5, the maximum deviations are found for the C5 and C10 atoms. No systematic patterns are noted in the deviations of the O1-O3 atoms from the central plane with all atoms lying to one side for the first independent molecule of 1, as found for 5. In the second independent molecule of 1 and in each of 3 and 4, the O2 atom lies to the opposite side of the plane to the O1 and O3 atoms. In 2, the O3 atom lies to the opposite side to plane to the O1 and O2 atoms. In all of the above, the deviations are less than 0.11 Å and are unlikely to have chemical significance. The maximum dihedral angle formed between the individual rings in the fused-ring system is found in 5, i.e. 3.56(8)°. The smallest dihedral angle between the central C 6 ring and pendant phenyl ring is 59.24(4)° for 3 and the greatest is 86.47(10)° for 2; these differences are highlighted in Figure 4 . Finally, in 5, the nitro group is almost co-planar with the phenyl ring to which it is bound with the dihedral angle between the planes of 7.54(11)° indicating a small twist.
There are no direct precedents in the crystallographic literature for 1-5 [61] although the backbone of the structure is found in various cavitands. The most closely related structure is one where there are phenoxy substituents adjacent to both ketone-O atoms and with these linked by a -O-(CH 2 ) 2 -O-(CH 2 ) 2 -O-bridge [62] , i.e. a crown ether derivative.
Molecular packing
The geometric parameters characterising the key interatomic interactions in the crystals of 1-5 are collated in Table 3 . The molecular packing in 1 features extensive C-H · · · O interactions to consolidate the three-dimensional architecture. Thus, cyclohexadiene-C-H · · · O(ketone), phenoxy-C-H · · ·(ketone) and phenoxy-C-H · · · O(phenoxy) interactions are present, with the ketone-O3a atom accepting two contacts. In this scheme all interactions occur between the independent molecules of the asymmetric unit and no role is apparent for the ketone-O1/O1a atoms. Rather, each of the ketone-O1 atoms participates in a C=O · · · π(cyclohexadiene) (2) 3.4(2) 1.1(2) 3.36 (7) 3.23 (6) interaction, again involving molecules derived from the independent molecules. The latter contacts are approximately parallel with the angle subtended at the carbonyl-oxygen atom being approximately at rightangles. The criterion of significance, at least in terms of distances, is based on twice the van der Waals radii of two π-systems, i.e. 3.80 Å as opposed to 3.42 Å, being the sum of the radii of a π-system and an oxygen atom [58] . Within this architecture, each of the independent molecules forms a naphthalene-C9-H · · · π(cyclohexadiene) contact with the other independent molecule. Views of the molecular packing are shown in Figure 5a , highlighting the C-H · · · O interactions, and Figure 5b , highlighting the C=O · · · π(cyclohexadiene) interactions. In the packing of 2, naphthalene-C8-H · · · O3(ketone) contacts assemble molecules into a helical supramolecular chain along the b-axis. Connections between chains are of the type C=O · · · π and C-Br · · · π. For the former, the ketone-O1 atoms form two interactions, with (9) 1 − x, −y, 1 − z cyclohexadiene and naphthalene-phenyl rings being the acceptors. In this way, the ketone-O1 atom bridges two molecules. The phenoxy-Br atom also forms an interaction with the cyclohexadiene ring so the latter also effectively acts as a bridge between two molecules. While the C-Br · · · π(cyclohexadiene) separation might be considered long, the analysis of the calculated Hirshfeld surface indicates this contact is relatively important in providing stability to the molecular packing (see below). The aforementioned interactions assemble molecules in threedimensions, Figure 6 ; no specific interaction is evident for the phenoxy-O2 atom in the molecular packing.
In the crystal of 3, a number of C-H · · · O interactions are evident with each of the oxygen atoms participating in at least one such contact. Thus, the ketone-O1 atom accepts two contacts, from two phenoxy-C-H atoms, and similarly the ketone-O3 atom accepts one C-H · · · O contact from a phenoxy-C-H and another from a naphthalene-C-H atom. The phenyoxy-O2 atom accepts a C-H · · · O contact from a phenoxy-C-H atom. As shown in Figure 7a , the C-H · · · O interactions lead to the formation of supramolecular layers in the bc-plane. Within the layer, π · · · π interactions between cyclohexadiene and phenoxy rings and between symmetry-related cyclohexadiene rings as well as C=O3 · · · π(cyclohexadiene) contacts are also evident and provide additional stability to the aggregation in the bc-plane. The supramolecular layers stack along the a-axis with non-directional interactions between them, Figure 7b .
In the crystal of 4, centrosymmetrically-related molecules associate via cyclohexadiene-C-H · · · O3 interactions leading to eight-membered { · · · OC 2 H} 2 synthons. The resulting two-molecule aggregates are connected into supramolecular layers in the bc-plane by C=O · · · π interactions involving both ketone-O atoms, with ketone-O1 interacting with a symmetry-related cyclohexadiene ring, in an end-on fashion rather than the parallel approach seen for the interactions described thus far, i.e. with the C=O · · · π(cyclohexadiene) interaction approaching linearity, and the ketone-O3 atom interacting with a phenoxy ring. In addition, naphthalene-C9-H · · · π(naphthalene) contacts contributes to the stability of the layer, Figure 8a . The layers stack along the a-axis without directional interactions between them, Figure 8b .
As for 4, the molecular packing of 5 cyclohexadiene-C-H · · · O3(ketone) interactions leading to eight-membered { · · · OC 2 H} 2 synthons between centrosymmetrically-related molecules. In addition, phenoxy-C16-H · · · O1(ketone) and phenyoxy-C15-H · · · O5(nitro) interactions are found, each leading to supramolecular chains so a three-dimensional architecture ensues. The crystal also features C=O · · · π interactions with the ketone-O1 atom forming two such contacts, one parallel and the other end-on, Table 3 , to link two molecules via their cyclohexadiene and naphthalene rings. The ketone-O3 atom forms a contact with a phenoxy ring. A view of the unit cell contents is shown in Figure 9 . The common feature of the molecular packing in 1-5 is the formation of C-H · · · O interactions which in the cases of 1 and 5 extend in three-dimensions. In 2, C-H · · · O interactions lead to chains, in 3 to layers and in 4 to dimers. Each crystal also features C=O · · · π interactions. This type of interaction is known to be significant in stabilising the molecular packing of both heavy-element and organic molecules and have been shown to sustain recognisable aggregation patterns [63] [64] [65] [66] [67] . It is noted that while attractive, such C=O · · · π interactions contribute relative small energies of stabilisation to crystals in which they are formed, i.e. probably <10 kJ mol −1 , based on DFT calculations [63] [64] [65] [66] [67] [68] . The persistence of these interactions in the molecular packing of 1-5 is of interest. In the present study, parallel C=O · · · π interactions provide structure-directing points of contact in the three-dimensional architectures of 1 and 5, and provide supporting roles in the remaining crystals. In 2, a role is found for the phenoxy-substituent in that C-Br · · · π interactions are found, which, with C=O · · · π interactions lead to a three-dimensional architecture. In 3, where no specific role in the molecular packing is evident for the -CF 3 group, consistent with its disordered status, but π · · · π and C=O · · · π interactions lead to a supramolecular layer. In 4, C-H · · · O and C=O · · · π interactions lead to a supramolecular layer with no specific role for the phenoxycyano group. In 5, one of the nitro-O atoms participates in a C-H · · · O interaction. In summary, the study proves the prevalence of both C-H · · · O and C=O · · · π interactions in the crystals of 1-5.
A comparison between molecular and crystal characteristics for 1-5
A summary is presented in Table 4 of some of the key physiochemical properties for 1-5, which were calculated with PLATON [58] and Crystal Explorer [69] . The data for the individual molecules in 1 are consistent with there being only minor differences between them. The same conclusion is reached for the two components of the disorder in the crystal of 3. As anticipated, there is a systematic increase in volume for the molecules as the size of the phenoxy-substituent increases and this correlates with small but, discernible deviations from globularity, a measure of the globular characteristics of a molecule. In general, the higher the calculated density, the greater the molecular weight but, the packing efficiencies follow the trend 2-4 < 1 < 5. This reflects the role upon the molecular packing exerted by the substituents in 2-4 and highlights the important role the nitro group plays in the crystal of 5. Finally, the greater packing efficiency in 5 correlates with the greatest lattice energy across the series.
Hirshfeld surface analysis
The analysis of three-dimensional Hirshfeld surfaces and two-dimensional fingerprint plots provides an easy way of comparing intermolecular contacts relative to van der Waals radii through a red-white-blue colour scheme [69, 70] . The contacts in red highlight intermolecular interactions with distances less than sum of van der Waal radii on the Hirshfeld surface mapped over d norm and the blue colouration represents longer contacts; white is used to indicate contacts at the van der Waals separation. Crystal Explorer 17 [69] was used to generate Hirshfeld surfaces for 1-3 mapped over the calculated electrostatic potential ( Figure 7 ) and d norm (Figure 8 ). The electrostatic potentials were calculated using TONTO [71, 72] integrated in Crystal Explorer. The two-dimensional fingerprint plots are derived from the Hirshfeld surfaces by plotting the fraction of points on the surfaces as a function of (d i , d e ), where d e and d i represent the distances from a point on the surface to the nearest atoms outside and inside, respectively. The points are coloured as a function of the number of surface points ranging from blue (relatively few points) through green (moderate) to red (highest fraction) [73] . Fingerprint plots can also be delineated into individual atom · · · atom contacts. In the present study, the analysis of the Hirshfeld surfaces calculated for the substituted phenoxy-1,4-napthoquinones, 1-5, was conducted in accord with recent work on organic compounds [74] and provide additional details on the supramolecular associations operating in the crystals. The weak intermolecular interactions instrumental in the crystal of 1, comprising two independent molecules, appear as the diminutive/faint-red spots on the Hirshfeld surfaces mapped over d norm in Figure 10a and b for each independent molecule, respectively. Among the C-H · · · O interactions summarised in Table 3 , the phenoxy-C-H · · · O(ketone) interactions are weaker compared to the naphthalene-C-H · · · O(ketone) and phenoxy-C-H · · · O(phenoxy) contacts, based on distance criteria, and this is vindicated as the faint-red spots on the surface due to the former while the latter contacts appear as bright-red spots. The Hirshfeld surfaces also reflect the importance of the C-H · · · π contacts. Thus, the diminutive-red spots near the naphthalene-C13 and phenoxy-H12a atoms on the surfaces for the first and second independent molecules, respectively, represent more effective C-H · · · π contacts than those resulting from the interacting naphthalene atoms of both the molecules given in Table 3 , which are evident as the faint-red spots near the respective atoms in Figure 10 . The presence of other short interatomic contacts listed in Table 5 , calculated in Crystal Explorer [69] , are also apparent as the faint-red spots in Figure 10 . The donors and acceptors of intermolecular interactions in the crystal are also viewed as the blue and red regions, respectively, on the Hirshfeld surfaces mapped over the calculated electrostatic potential shown in Figure 11 , and serve to highlight intra-and inter-molecular C-H · · · O, C-H · · · π and C=O · · · π contacts for the independent molecules comprising 1.
In addition to the intermolecular C=O1 · · · π(cyclohexadiene, naphthalene-phenyl) contacts, the crystal of 2 also features significant napthalene-phenyl-C8-H · · · O3(ketone) and phenoxy-C13-Br1 · · · π(cyclohexadiene) interactions, Table 3 , as well as short interatomic Br1 · · · O3 and H9 · · · H12 contacts, Table 5 , which are viewed as bright-red spots near the respective atoms on the Hirshfeld surfaces mapped over d norm in Figure 12 . The other short interatomic contacts, Table 5 , representing weak interactions, are also evident as the faint-red spots on the surfaces of Figure 12 . The donors and acceptors of intermolecular interactions in the crystal are also represented in the Hirshfeld surface mapped over the electrostatic potential in Figure 13 .
The bright-red spots near the ketone-O3, napthalene-H6 and phenoxy-H12 atoms on the Hirshfeld surfaces mapped over d norm in Figure 14 for 3 highlight the C-H · · · O interactions between these atoms, Table 3 . The weak intermolecular C-H · · · O interactions involving the phenoxy-C15-H15, C16-H16 and ketone-O1 atoms appear as the two groups of four faint-red spots surrounding the participating atoms. The characteristic-red spots near fluoride atoms of the -CF 3 group are indicative of short interatomic F · · · F and F · · · H/H · · · F contacts as listed in Table 5 that occur in the interlayer region. The sequence of three faint-red spots near the napthalene-C3, C4 and C5 atoms arise from short interatomic C · · · C contacts arising from edge-to-edge π · · · π overlap between symmetry related napthalene rings, Table 5 . The C=O · · · π and π · · · π stacking interactions involving cyclohexadiene and phenyl rings are highlighted in the views of the Hirshfeld surface mapped over the electrostatic potential in Figure 15 .
The bright-red spots near the napthalene-H3 and ketone-O3 atoms on the Hirshfeld surface mapped over d norm for 4 indicate the dominance of these intra-layer C-H · · · O interactions on the packing, Figure 16 . The pair of faint-red spots near the napthalene-C9, C10 and H9 atoms represent short interatomic C · · · H/H · · · C contacts and reflect the presence of C-H · · · π interactions involving these atoms, Table 5 . Figure 17 , a plot of the Hirshfeld surface mapped over the calculated electrostatic potential, illustrates the roles of the C-H · · · O, C-H · · · π and C=O · · · π contacts in the molecular packing of 4. From Figure 8b it can be discerned that the layers pack along the a-axis with the cyanophenyl groups facing each other. From the data in Table 5 , weak H · · · N contacts serve to connect the layers, and highlighted by the red region about the cyano-nitrogen atom in Figure 17 .
As with 4, the crystal of 5 also features significant phenoxy-C16-H16 · · · O1(ketone) interactions and these are viewed as bright-red spots on the Hirshfeld surface mapped over d norm in Figure 18 . The diminutive-red spots near the nitro-O5 and phenoxy-H15 atoms arise from the weak contact between these atoms, Table 3 . The effect of other short interatomic contacts summarised in Table 4 on the packing of 5 is also evidenced from the faint-red spots near the respective atoms. The Hirshfeld surface mapped over the electrostatic potential in Figure 19 illustrates the dominant C-H · · · O (intra-layer) and C=O · · · π (interlayer) interactions.
The distinct intermolecular interactions instrumental in the molecular packing of 1-5 are evident from the shape of their overall two-dimensional fingerprint plots and in the fingerprint plots delineated [75] Figure 20a -e, and characterise the more significant surface contacts in these crystals; the percentage contributions from the different interatomic contacts are summarised in Table 6 .
The short interatomic H · · · H contacts noted in the crystals of 1 (both independent molecules) and 2 appear as the short single peaks at In the fingerprint plots delineated into O · · · H/H · · · O contacts for the two independent molecules of 1, Figure 20a and b, the prominent napthalene-C3a-H · · · O3(ketone) interactions, i.e. occurring between the independent molecules, are represented as a pair of narrow spikes with the tips at d e + d i ~ 2.3 Å in the acceptor and donor regions for the first and second independent molecules, respectively. Similarly, the two pairs of short and overlapping phenoxy-C13 and napthalene-H7, Table 5 . The short interatomic C · · · H/H · · · C contacts in the crystals of 2 and 5, as summarised in Table 5 , are also viewed as a pair of forceps-like tips at d e + d i ~ 2.7 Å and ~2.8 Å in their respective delineated plots of Figure 20c and f. The intermolecular C-H · · · π contact involving naphthalene residues in 4 are viewed as the pair of broad tips characterising short interatomic C · · · H/H · · · C contacts, Table 4 . In the two-dimensional fingerprint plots for the crystal of 4, it is interesting to note that some of the carbon and hydrogen atoms are at interatomic separations greater than d e + d i ~ 5.6 Å, which result in reduced percentage contributions from these contacts than might be expected, in agreement with the values in Table 5 .
The intermolecular C=O · · · π contacts, Table 3 , along with short interatomic C · · · O/O · · · C contacts, Table 5 In addition to above intermolecular interactions in the crystals of 1-5, additional contacts are evident in the crystals directly related to the nature of phenoxy-bound substituent. Thus, in the crystal of 2, the bromide substituent exerts a significant influence upon the molecular packing, including the formation of short interatomic Br · · · O contacts, Table 5 , and C-Br · · · π contacts, Table 3 . These are evident as a pair of thin spikes at de + di ~ 3.0 Å and a pair In the same way, the presence of short interatomic F · · · F and F · · · H/H · · · F contacts, Table 5 , in the molecular packing of 3 are evident from their respective Table 5 , and an arrowshaped distribution of points in the fingerprint plot corresponding to these contacts in Figure 21e result from π · · · π stacking interactions, Table 3 . The percentage contribution arising from different interatomic contacts from the second disorder component of the disordered -CF 3 group to the Hirshfeld surfaces of 3 show minor differences as summarised in Table 5 The contributions from other interatomic contacts summarised in Table 6 have negligible influence on the molecular packing of 1-5.
Conclusions
X-ray crystallography on the title substituted (phenoxy)-1,4-naphthoquinones, 1 (H), 2 (3-Br), 3 (3-CF 3 ), 4 (4-CN) and 5 (4-NO 2 ), shows they adopt very similar molecular structures with the main differences related to the orientations of the pendant phenoxy residues relative to the planar, 10-membered fused ring systems. In the molecular packing, C-H · · · O interactions is prevalent and lead to three-dimensional architectures for 1 and 5. In addition, each crystal also features C=O · · · π interactions. In bromo-substituted 2, these along C-Br · · · π interactions stabilise a three-dimensional architecture. Two-dimensional layers are noted in 3 and 4. The molecular packing was also explored by a Hirshfeld surface analysis which showed notable influences exerted by the substituents in 2-5. Notably, connections between the layer motifs in 3 were ascribed to weak H · · · F and F · · · F contacts, while the inter-layer in the crystal was stabilised by weak H · · · N interactions. Reflecting the presence of three potential oxygen acceptors and in the absence of conventional hydrogen atom donors, the common points of contact between molecules in the crystals of 1-5 are of the type C-H · · · O and C=O · · · π. The two substantive conclusions of the study relate (i) to the clear influence of the remote substituents on the molecular packing and (ii) the prevalence of C=O · · · π interactions contacts despite their inherently weak nature.
